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tively affittp f) that he bought the Small Pox when g,t 
School, and of foch a Lady, now livings and gave her 
three P^nce for the Matter contained in i% Puftules. 
That hundreds in this Country have had the Small 
Pox this way is certain; and it cannot produce one 
fmglc Inflance of their ever having them a fecond 
time. 



Haver ford IVeJl^ 
Feb. 15-. iyxj. 



{Richard Wright. 



IX. An Account of fome Experiments made to prove, 
that the Force of Moving Bodies is proportionable 
to their Velocities: (or rather that the Momen- 
tum of Moving Bodies is to he found hy mul- 
tiplying the Maffes into the Velocities) In Anfwer 
to fuch who haVe fometime ago affirm d> that that 
Force is proportionable to the Square of the Velo- 
city , and to thofe who fkill defend the fame Opinion. 
<By the (Reverend John Theophilus Defaguliers, 
LL.D.F.^S. 

AS far as I can learn, Monfieur Leibnitz was the 
firft that oppos'd the received Opinion, con- 
cerning the Quantity of the Force of moving Bodies ; 
by faying, that it was to be eftimated by multiplying 
the Mafs of the Bodies, not by their Velocity, but by 
the Square of it. But, inftead of fliewing any Para- 
logifm, in the mathematical Demonftrations, which 
& u are 
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are made ufe of to prove the Propofition, ot 
any Miftakes in the Reafonings from the Experi- 
ments made to confirm it, he ttfes othet -Mediums 
to prove his Aflertions a ; and without any Regard to 
what others had faid on that Subject brings new Argu- 
ments, which the Reverend and Learned Dr. Clark 
has fully anfwered in his fifth Letter to him. Mef- 
fieurs John BemouUi r Wolfius^ Hermannus 9 and others, 
have followed and defended Monfieur Leibnitz? § Opi- 
nion, and in the fame manner, fo that what is an An- 
fwer to him, is fb to them. 

Totenus (ProfefTor at Tadua) has a&ed after the 
fame manner in the experimental Way, making fomc 
Experiments to defend Monfieur Leibnitzfs Opinion, 
without having fhewn thofe to be falfe. which are made 
ufe of to prove the contrary b ; and now lately, an in- 
genious Profeflbr abroad (who was of the Opinion 
commonly receiv'd, and in his Writings had demonftra- 
ted it in the ufiial way c , confirming it with the common 
Experiments made in that Cafe) happening to make 
fome Experiments like thofe of Tolenus y has dravva 
Conclufions from them to fhew the Force of moving 
Bodies to be proportionable to the Square of their Ve- 
locity ; and being wholly come over to that Opinion, 
endeavours to deduce it from Phyfical Principles. 

As there can hardly be faid any thing new, or bet- 
ter than has been faid, to fhew the Force abovemen- 
tion'd to be proportionable to the Mafs multiplied in- 
to the Velocity ; I only repeat here the Subftance 
of what others have faid, and make fome old Experi- 
ments over again ; but then I confider fome Circunv 
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fiances, that perhaps have been overlooks, and at laffc, 
by a new Experiment, endeavour to fhew, what has 
led into an Error fome of thofe, who defend the new 
Opinion. 

If a Man with a certain Force can move a Weight 
of fifty Pounds, through a Space of four Feet, in a de- 
terminate time ; it is certain he muft employ twice 
that Force to move one hundred Pounds Weight, 
through the fame Space in the fame time. But if he 
ufes but the fame Force, he will move the one hundred 
Pounds Weight but two Feet in the fame time. For 
as the one hundred Pounds Weight contains two fifty 
Pound Weights, if each of them has two Degrees of 
Velocity given to it, it will exa&ly require the lame 
Force that would give one of them four Degrees of Ve- 
locity ; hence it appears, that the Force is propor- 
tionable to the Mafs multiply'd into the Velocity. 

EXPERIMENT I. 

Fig. i. Let the Balance A B, whofe Fulchrum, or 
Center of Motion, is at C, be fo divided, that the Bra- 
ehium A C be but the fourth Part of the Brachium 
C B ; it is known to all Mechanicians, that a Weight 
of one hundred Pounds at A, will keep in Mquilibrio 
a Weight of twenty five Pounds hanging at B, where 
it will have a Velocity four times greater than that of 
the Weight at A. For, not only when the Balance is 
horizontal, there will be znMquilibrin?n>bx& when the 
Balance is put in Motion, it will return to an Mquili- 
brlum in an horizontal Pofition ; the equal and con- 
trary Forces applied at each, deflroying one ano- 
ther. Whereas, if the Forces w y ere as the Mafs multi- 
ply'd into the Square of the Velocity, the twenty five 
Pound Weight fliould have been fufpended at D, only 
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twice as far from C, as the Weight at A ; and in gene- 
ral, let the make of the Engine be what it will, let the 
mechanical Powers be combined in any manner, when 
two heavy Bodies, by means of a Machine, ad: upon 
one another in different dire&ions, if their Velocities 
are reciprocally as their MafTes, they will deftroy each 
others Forces and come to reft. 

As this is true in relped of mechanical Powers, fo 
it is in refped to the Shock or Blow given by falling 
Bodies. An heavy Body, falling with an accelerated 
Motion, goes through a fpace of one Foot in a quarter 
of a Second, and acquires a Velocity, which would 
carry it two Foot in the fame Time with an uniform 
Motion ; the fame Body falls through a fpace of four 
Foot in half a Second, and acquires a Velocity, that 
would with an uniform Motion carry it eight Foot in 
half a Second. Therefore, as the Time of the fall 
through a fpace of four Foot is twice the Time of a 
fall through one Foot, the Velocity in the latter Cafe 
is double that of the firft, and confequently the Blow ? 
that the Body will give, will be double. 

EXPERIMENT IL 

Fig. II. Let the Weight P of one Pound, be placed 
In the Scale fulpended at the end A, of the Ballance A B, 
which bears upon the Gnomon, or Iron Supporter, k hi. 
Then if the Weight C be let fall from D, or one Foot, 
it will by its Stroke on the end of the Beam B, raile 
up the oppo/ite end A with the Weight P,fo high, that 
the Spring gh will fly from the Button /, which kept 
it ftreight and upright before the Shock. If the Weight 
P be of two Pounds, it cannot be raffed by the fall of 
G from any height lefs than F or four Foot ; whereas, if 
the force of the Shock was proportionable to the Space 5 

^ without 
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without any regard to the time^as Monfieur Leibnitz 
and his followers have affirirted, P ought to be raifed, 
when C fails only from E, or two Foot, which never 
happens ; or, if the Stroke was proportionable to the 
Mais multiplied into the fquare of the Velocity, when 
C falls from F, then P might Weigh four Pound, where- 
as the Experiment will never mcceed under thofe Cir- 
cumftances. 

I know it is objeded, that the Blow cannot be al- 
ways dired, and that the String that goes through the 
hole in the falling Weight, to guide it in its Fall, caufes 
a fenftbie Fridion, and therefore that fomething of the 
Force is thereby loft. But we are to obferve, that if 
that was all, there would be no need of raif ing upC, 
in the fecond Cafe -quite up to F, inftead of E, whereas 
in Fad, it muft always be raifed beyond F, to allow 
for the Fridion, that hinders ft from producing a dou- 
ble EiFed in falling from F. For if the Experiment 
be repeated an hundred times,, the Weight, P when of 
two Pounds, Will never be raited by letting C fall from 
any place between E and F. 

EXPERIMENT lit 

If (in order to avoid Fridion) inftead of a Blow 
ftruck upon the end B, by the falling Body, thefaid 
Body C be faftned to a pretty long String tied to the 
button .«, as at c> and firft lifted up one Foot, and 
then let fall ; fo that in falling one Foot, it may pull 
down B, and lift up A' with the Weight P of one 
Pound ; whenever P is two Pounds, C muft fall from a 
height greater than /or four Foot, otherwife it will 
not raile the BrachiUm A, efpecially if it be let fall 
between, and/ £XpE _ 
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EXPERIMENT IV. 

I took the Weight C of feventeen Ounces Troy, 
"which was a round ball of Lead with a hole through the 
middle of it, and haying paffed the String N-X through 
Ir, before it was fattened to the Hook X, I placed the 
whole Machine in fuch manner, that the String being 
firetchcd by the Weight N, went through the hole of 
the Weight C, and likewife through the hole of the 
Brachium B, upon which C lay, without touching 
the fides of the hole either in the Weight or Ballance ; 
then having put fuch a Weight P in the oppofite Scale, 
as C falling from the height of one Inch, was able to 
raife high enough, to let loole the Springy h from the 
Button i : I added to P another Weight equal to it 9 
and then letting fall C along the String that guided it 9 
from an heighth of two Inches, then of three, and then 
exa&ly of four, it would not raife the double Weight 
P to the former height, but falling from five Inches, 
or a little higher, it raifed it up. 

EXPERIMENT V. 

Leaving every thing as it was before, I changed the 
Weight C for another leaden Ball of twice the Weight* 
which falling from one Inch, raifed the double Weight 
P to the ufiial height ; then changing the Weight SP 
in any Proportion, whatever height was rcquir'd for 
the heavieft Ball C (or C z) to fall from, in order to 
raife the Weight at P ; more than four times the height 
was required for the firft Ball C, to raife the fame 
Weight fb high, as to lot loofe the Spring. 

EXPE- 
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EXPERIMENT VI; 

I tried the Experiment with the Weight C hanging 
at the String m c (as in Experiment III.) and a Fall from 
an height of five, or near five Inches, was required to 
raife double the Weight in the oppofite Scale, that a 
fall from one Inch would raife ; only here the heighth 
above four Inches was not lb great as in the former 
Experiment, the Friction being iomething lefs. Then 
I fufpended the great Ball C (or C 2) by the String m r y 
and when by falling one Inch it raifed the Weight P, 
the little Weight C could not produce the fame Effect, 
without falling from a greater height than four Inches. 

It is here to be obferved, that which way foever 
thefe Experiments are tried, the Objections rinng from 
the Fricftion do no way ferve to confirm the new Opi« 
nion, becaufe they ihew that (upon account of the 
Fri&ion) the Heights muft be fomething more than in 
a duplicate Proportion of the Velocities, but never left, 
to give a Blow with the fame Body in Proportion to 
the Velocity. 

That the Momentum of Bodies is in Proportion to the 
Mafs multiplied into the Velocity, is alio moil evidently 
fhewn from the Congrefs of elaftic Bodies, as has been 
demonfirated by Sir Ifaac Newton in his Trincipia, 
in the Corollaries to his Laws of Motion. I had often 
tried the Experiments there mentioned with Balls of 
Ivory and Balls of Glafs, and fbme of them with two 
Balls of Steel, of two Ounces each, and found every 
thing anfwer, allowing for the want of perfed: Elafti- 
city in the Bodies. But now upon this Occafionr, as 
the Objections to the receiv'd Opinion were re- 
newed, I was willing to repeat the Experiments with 
the utmoft Accuracy; and therefore, as Ivoiy Balls 
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are not equally denfe in all their Parts, and Glafs Balls 
break after two or three ftrokes <; I caufed Balls to be 
nicely turned of Steel, and made as hard (as the Work- 
men call it) that is, as elaftick as poflible, and the 
Weights of them were precifely as follows : Two 
Balls of twelve Ounces Troy each, one of fix Oun- 
ces, one of three, one of two, and one of Eight-pen- 
ny-weight. Then making Pendulums of thele Balis, 
and hanging them upon the Machine contrived by 
Mariotte for the Congrefs of Bodies, and lately im- 
proved by Dr. Grave fande a , I meafured 57 \ Inches 
between the Center of Sufpenfion and the Center of 
Gravity of the Balls, and then every Degree of the Cir- 
cle they defcribed in their Ofcillation was one lnch $ 
and the Degrees being marked upon a line of Chords 
on a Brafs Ruler above the Balls, by their Strings fuc- 
cellively covering the crols Lines of Divifion, the 
Degrees that the Balls fell from, and thofe to which 
they rofe, were very difcernable to an Eye placed at a 
convenient Diftance. 

EXPERIMENT VII. 

I took the two Balls i% % and removing each from 
the lowed Point of their equal and refpe&ive Circles^ 
up to 4 Inches, or 4 Degrees, I let them fall fo that 
they met at bottom, and were both reflected again to 
4, the Place from whence they fell. 

EXPERIMENT VIII. 

Every thing elfe being as before, inftead of one of 
the Balls ix, I took the Ball 6, then letting 6 go from 
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8 Degrees, and 12 from 4, after Reflexion 11 was 
driven up again to 4, as before. 

EXPERIMENT IX. 

The Ball 3 failing from fixteen Degrees met the 
Ball ix that fell flill from 4, and after Reflection ix 
went up again to 4. 

EXPERIMENT X. 

The Ball x falling from 6° and ix from i°, ix was 
reflected to 1, and when x fell from ix Degrees, and 
the Ball ix from z, the ix was reflected to z. 

EXPERIMENT XI. 

The Ball of eight Penny Weight (which weigh'd 
but - s i of the Ball ix) falling from fifteen Inches or De- 
grees, rais'd up ix (that fell from half a Degree) to the 
fame Place again. 

In all thefe Experiments the Error, or want of per- 
fect Reflection, was greater in the little Balls than in 
the great ones, on account of their going thro' a grea- 
ter Arc of a Circle, whereby they deviated more 
from a Cycloid than the great ones ; as likewife on 
Account of the Refiftance of the Air, which muft 
be greater becaufe of the little Balls going through a 
greater Arc, moving with more Velocity, being iuf- 
pended by a String as thick as that of the great ones, 
and having more Surface in Proportion to their Weight. 
But all the Errors do not bring the Thanomena any 
thing near what they ought to be, if the Force of the Bo- 
dies°was as the Square of their Velocities multiply'd in- 
to their Maffes, for then the Ball ix would have been 
driven to Heights very different from what it rofe up to. 
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Ip ; the eighth Experiment^ the Ball 1% fhould have 
rifen to near five Inches and three quarters, for the 
Ball 6 falling with the Velocity, 8 muft have had its 
Force = 8 % 8 x 6 = 384 ; and then, that the Bail iz 
might have the lame Force or Quantity of Motion, it 
mull rife near to 5, 7 becaufe 5,7 x 5,7 x ix.== 389,88. 

In the ninth, iz lhould have rifen to 8; for the 
Ball 3 muft have had its Force — 16x16x3 = 768, 
and if iz receiv'd its whole Force it muft have rifen to 
8 becaufe 8 x 8 x iz = 768. 

In the fecond Part of the tenth Experiment, iz 
fhould have rifen to near ^becaufe izxizxz = z88, 
and 5 x 5 k iz is but 300. 

In the eleventh, the Ball iz (thirty times heavier 
than the little one) muft have gone to z i Inches, be- 
caufe the Momentum of the little Ball being = 15x15: 
xi~ zz^, that of the Ball iz muft be = z,7jt x z,y$ 

IX. IZ zz: ZZ6&C. 

It may be here alledg'd, that one ought to fubtra<3: 
.the Momentum, with which the great Ball comes upon 
the little one ; but that won't mend the Matter much, 
tho' indeed the Difference will be lefs. For, 

In the eighth Experiment, if we fubtraft 4X 4 x iz 
= 19Z from 389,88 there will remain 197,88, and the 
Ball iz will go but to 4 ; but then in Experiment 9, if 
we fubtrad: the lame N° 19Z from 768, we lhall have 
576, which would carry iz to near leven Degrees, be- 
caufe 7X7XIZ — 588. 

In the tenth Experiment, there is only 48 to be fob- 
traded ; and in the eleventh only 1$ ; and therefore 
the Velocity of iz will very much fall ihort of what is 
agreeable to the new Opinion. 

After the Experiments made, and what has been faid, 
till thefe Confluences are overthrown, no notice 
ought to be taken of any Obje&ions, or new Experi- 
ments. 
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ments. But to give the Obje&ors all poffible Satisfa- 
ction, I mall, in another Paper, endeavour to fliew 
the Fallacies of the Arguments, and fblve the Thoeno* 
mena of the Experiments made ; fliewing, both by 
Reafbn and Experiment, that the Fads ought to be as 
they are, in conference of the receiv'd Opinion and 
Laws of Refiftance. 
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